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Abstract
Following [1] we here consider the supergravity solutions representing the charged
non-supersymmetric p-brane (for 1 ≤ p ≤ 6) intersecting with chargeless non-
supersymmetric 1-brane and 0-brane of type II string theories. We show how these
solutions nicely interpolate between black p-branes and the Kaluza-Klein “bubble
of nothing” (BON) by continuously varying some parameters characterizing the
solutions from one set of values to another. By performing a time symmetric gen-
eral bubble initial data analysis, we show that the interpolation implies a possible
transition from black p-branes to KK BON only for p ≤ 4, as in these cases there
exist locally stable static bubbles under certain conditions. However, for p > 4,
black branes always decay into dynamical bubbles. Contrary to what is known in
the literature, we argue that under certain conditions, the mechanism causing this
transition to stable static bubbles can be the closed string tachyon condensation for
all p ≤ 4. We also show that the configurations indeed contain (chargeless) F-strings
required for the closed string tachyons to appear causing the transitions to occur.
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1 Introduction
In the eighties, while discussing the gravitational properties of certain soliton solutions in
five dimensional Kaluza-Klein (KK) gravity, Gross and Perry [2] observed that there exists
a two-parameter family of spherically symmetric solutions in this theory. This solution
interpolates between the Schwarzschild metric and a soliton solution. The Schwarzschild
metric has a singularity masked by a regular horizon while the soliton is non-singular. In
between, the configuration has a naked singularity. They interpreted the configuration as
describing the exterior geometry of a collapsing star in parameter space, therefore avoiding
the issue of naked singularity appearing in the configuration. But they were puzzled by
the non-uniqueness of the exterior geometry of a massive object in the KK theory. As a
result, the final state of collapsing matter appears to have two possibilities: a collapsing
star could end up in a black hole described by the Schwarzschild metric, or it might end
up as a soliton, a totally non-singular metric. The soliton as we know now is a variant of
Witten’s “bubble of nothing” (BON) [3], namely, the static bubble.
A similar family of solutions as we will show also exist in supergravities, the low energy
string theories. These are the specific class of intersecting non-susy branes of type II string
theories, namely, the charged non-supersymmetric p-brane (for 1 ≤ p ≤ 6) intersecting
with chargeless non-supersymmetric 1-brane and 0-brane of type II string theories. These
solutions also nicely interpolate between black p-branes and the non-singular static KK
BON by continuously varying some parameters characterizing the solutions from one set
of values to another. Again in between, the configuration has a naked singularity. In this
paper we will try to understand the physical meaning of this interpolation.
Recently in a separate development Horowitz [4] has argued that under certain con-
ditions black strings and black branes of type II string theories have dramatic new end-
points5 to Hawking evaporation in the form of KK BON [3]. He arrived at this conclusion
by applying the closed string tachyonic instability to black strings and branes. Closed
string tachyons are known to develop when the fermions in the theory are taken to satisfy
antiperiodic boundary conditions along one6 of the compact directions and the size of the
circle becomes of the order of string scale [7, 8]. Adams et. al. [9] have argued that when
5Generalizing this to charged and uncharged black holes (i.e., p = 0 case) along with other interesting
discussions and potential realistic applications has also been considered recently in [5]. We thank the
anonymous referee for bringing this reference to our attention.
6A circle with antiperiodic fermions has a one-loop Casimir energy which will cause it to contract.
We will not address this issue here but refer to its discussion in [4] as well as in [6]. For concreteness, we
focus in this paper on the possibility that the circle reaches string scale on or outside the horizon as in
[4].
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these winding string tachyons are localized they can trigger a topology changing transfor-
mation as a consequence of the closed string tachyon condensation. The transitions from
black string (branes) to the KK BON, very similar to the interpolation we mentioned, is
an application of this process.
In ref.[4] Horowitz started from the standard black fundamental string solution [10,
11] and compactified the string direction. Since the metric in this case is multiplied
appropriately with a harmonic function, the size of the string wound along the compact
direction varies monotonically from L (where L is the periodicity of the compact direction)
to zero as we move along the radial direction from infinity to the singular point. So, at
some point in between the size of the circle becomes of the order of string scale and if
this occurs on the horizon, then the closed string tachyon condensation causes the circle
to pinch off and the resulting state is a bubble which in this case cannot be static but
should expand out. Static bubble appeared while considering a similar transition from
black F-string containing both F and NS5 charge. However, in order to show that bubble
is the end state of this transition, a time symmetric bubble initial data analysis has been
performed (in the context of two-charge F-string in space-time dimensions D = 6 and
also with the vanishing dilaton) and it was found that indeed under certain conditions
(Q/L2 ≪ 1, where Q is the flux associated with the bubble) the bubble can be stable
and so, the black F-string in those cases can make a transition to classically stable static
bubbles. A similar transition occurs for black p-branes as well and was briefly mentioned
in [4]. However, it was observed that only for p = 3 case7 the final bubble could be
stable and static. We will discuss these cases in more detail in this paper and make new
observations regarding the transition from black p-branes to stable static bubbles for all
p ≤ 4.
In this paper we first construct the interpolating solutions. For this purpose we start
from the supergravity solutions representing the charged non-susy p-brane intersecting
with chargeless non-susy 1-brane and 0-brane of type II string theories8. These solutions
will be characterized by four (for p = 1) or five (for p > 1) independent parameters. As
we have shown in [1], here also it can be checked that when two (for p = 1) or three (for
p > 1) of the four or five parameters characterizing the solutions take some special values,
then these intersecting solutions are identical to the black p-brane solutions. We also
observed [1] that the parameters characterizing the black brane and the related dynamics
7The other possible cases are M2 and M5 systems or involve more complicated configurations such as
the D1-D5 system [6].
8Note that for p = 1 supergravity solution represents charged non-susy 1-brane intersecting with
chargeless 0-brane.
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are in a different branch of the parameter space from that describing the brane-antibrane
annihilation process or the open string tachyon condensation [12, 13]. Although it would
be interesting to understand the dynamics of the closed string tachyon condensation in
this setup, we, however, point out that the general intersecting solutions (charged non-
susy p brane with chargeless non-susy 1-brane and 0-brane) in fact interpolate between
the black p-branes and the KK BON through a series of classical solutions. To be specific
we find that when two (for p = 1) or three (for p > 1) out of the four (for p = 1) or five
(for p > 1) independent parameters characterizing the solutions are continuously varied
from one set of values to another the solutions change from the black p-branes to the KK
BON. There is no need to take a so-called double Wick rotation to obtain the KK bubble
and it just corresponds to another point in the parameter space.
Now in order to understand whether the interpolation means a possible transition
from black p-branes to static KK BON, we go one step further to show that the bubble is
locally stable so that it does not evolve further perturbatively. We do this by performing a
time symmetric general bubble initial data analysis (Note that we have now non-vanishing
dilaton in D = 10.). Our analysis indicates that only for p ≤ 4, the initial data can lead
to locally stable static bubble under certain conditions (otherwise they lead to dynamical
bubbles). So, only for these cases the interpolation has the possibility to be interpreted
as the transition from black branes to static KK BON. When p > 4, the initial data leads
either to locally unstable static bubbles or to dynamical bubbles. Therefore, the resulting
bubbles are in general dynamical. Bubbles smaller than the locally unstable static bubbles
contract while larger ones expand. Since the black p-branes and the corresponding bubbles
can also be related to each other by the so-called double Wick rotation, their perturbative
stability is correlated as discussed in [4]. This provides an independent check of the results
obtained through the initial data analysis and we find precise agreement.
Thus it is expected that for p ≤ 4, there may exist some perturbative or non-
perturbative mechanism which leads to the transition from black p-branes to static KK
BON. This in turn can be understood as the reason for the existence of the interpolat-
ing solutions we constructed. As these are the topology changing transitions like what
happens for the closed string tachyon condensation we mentioned, one would expect the
transition could be triggered by the closed string tachyon condensation9 discussed in [4].
We find that for p ≤ 4, there exists a stable static bubble when the ratio Q/L7−p is less
than certain maximum value Cmax and the black p-branes can make a transition to static
KK BON by closed string tachyon condensation. When Q/L7−p > Cmax, the p-branes will
9The correlation between the instabilities of black p-branes and the corresponding bubbles seems to
support this as well, as we will see.
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always decay into dynamical bubbles. However, only for p = 3, the black D3-brane can
decay directly into stable static bubble through closed string tachyon condensation. For
p < 3, the black p-branes first decay into unstable static bubble and then under slight
perturbation in the right direction can eventually settle in the stable static bubble. But
for p = 4, the black D4-branes first decay into dynamical bubble and then eventually set-
tle in the stable static bubble. So, in all these cases, the interpolation can be interpreted
to be caused by the closed string tachyon condensation. For this to hold true, we actu-
ally need all the spatial brane directions to be compact and their respective asymptotical
sizes to be on the same order of magnitude. For p = 5, 6, as there are no stable static
bubbles, the interpolation does not imply a possible transition in parameter space. In
these cases the black branes can only decay to dynamical bubbles through closed string
tachyon condensation.
We would like to emphasize that if closed string tachyon condensation could be the pos-
sible reason for the transition to occur, either to stable static or dynamical bubble, there
must be fundamental strings present in the supergravity solutions which is not obvious in
our intersecting solutions. In the present context, the net charge of fundamental strings
must be zero since the resulting bubble doesn’t carry any fundamental string charge cou-
pled to the NSNS 2-form potential and the charge is conserved during the transition. This
gives us hint where the fundamental strings can be found. We show that the chargeless
non-susy 1-branes present in the intersecting solutions indeed represent the chargeless
non-susy F-strings, i.e., the equal number of fundamental strings and anti fundamental
strings with zero net charge present in the configuration10, which when wound along the
compact direction give rise to closed string tachyon causing the transitions to occur. We
remark that the singular region pinching off from the regular part of spacetime through
closed string tachyon condensation can be viewed as the decoupling in dynamics. This is
supported by the evidence found in [14].
This paper is organized as follows. In section 2, we present the construction of the
supergravity solutions interpolating between black Dp-brane and the KK BON. We give
the time symmetric bubble initial data analysis in section 3. Then we physically interpret
the interpolation in terms of the closed string tachyon condensation in section 4. Section
5 discusses the origin of F-strings in the intersecting solutions obtained in section 1 which
is necessary for the closed string tachyon condensation to occur. Then we present our
conclusion in section 6.
10We thank the anonymous referee for suggesting us to clarify this.
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2 Interpolating solutions
In this section we construct the supergravity solutions interpolating between black Dp-
brane to static KK BON. As mentioned in the introduction these solutions would be
a class of intersecting solutions in supergravity, namely, the charged non-susy p-brane
intersecting with chargeless non-susy 1-brane and 0-brane. To obtain them we start from
the non-isotropic (in (p − q)-directions) charged non-susy p-brane solutions given in [1].
This solution actually represents charged non-susy p-branes intersecting with chargeless
(p − 1)-brane, (p − 2)-brane, . . . , upto q-brane. These solutions were constructed by
first delocalizing a non-susy q-brane in transverse (p − q) directions and then applying
T-duality along the delocalized directions successively [15]. But for our purpose here we
need the corresponding solutions with q = 0 and so we write the eq.(7) of [1] with q = 0
as follows,
ds2 = F
p+1
8 (HH˜)
2
7−p
(
H
H˜
) pδ1
8
+
(3−p)
Pp
i=1
δi+1
2(7−p) (
dr2 + r2dΩ28−p
)
+F−
7−p
8
(
H
H˜
) pδ1
8
+
Pp
i=1
δi+1
2 (−dt2)
+F−
7−p
8
(
H
H˜
) (p−8)δ1
8
+
Pp
j=1
δj+1
2
p∑
i=1
(
H
H˜
)−2δi+1
(dxi)2
e2φ = F
3−p
2
(
H
H˜
) δ1
2
(4−p)−
Pp
i=1 2δi+1
F[8−p] = QˆVol(Ω8−p) (1)
Here the metric is given in the Einstein frame. The various functions appearing in the
solution are defined below,
F =
(
H
H˜
)α
cosh2 θ −
(
H˜
H
)β
sinh2 θ
H = 1 +
ω7−p
r7−p
, H˜ = 1− ω
7−p
r7−p
(2)
where H and H˜ are two harmonic functions and α, β, θ, δ1, δ2, . . . , δp+1 and ω are (p+5)
integration constants and Qˆ is the charge parameter. The parameters here are not all
6
independent, but they satisfy the following three relations among themselves [1],
α− β = aδ1
1
2
δ21 +
1
2
α(α− aδ1) +
2
∑p+1
i>j=2 δiδj
7− p =
(
1−
p+1∑
i=2
δ2i
)
8− p
7− p
Qˆ = (7− p)ω7−p(α + β) sinh 2θ (3)
where a = −3/2. Using the above relations we can eliminate three of the (p+6) parameters
mentioned and therefore, the solution is characterized by (p+3) independent parameters.
From the isometry of the solutions given in (1), it is clear that they actually represent
charged (since F[8−p] is non-zero) non-susy p-brane intersecting with chargeless (since all
other form-fields are zero) non-susy (p − 1)-brane, (p− 2)-brane, . . . , upto 0-brane. For
our purpose of showing the closed string tachyon condensation we do not need these
general solutions, but instead we only need the solutions representing charged non-susy
p-brane intersecting with chargeless non-susy 1-brane and 0-brane. So, we make all the
directions in the solutions given in (1) namely, xp, xp−1, . . . , upto x2 isotropic by putting
δ3 = δ4 = · · · = δp+1 = δ0. So the only directions which remain anisotropic are x1 and t.
The solutions (1) then take the form
ds2 = F
p+1
8 (HH˜)
2
7−p
(
H
H˜
) pδ1
8
+
2(3−p)δ¯
(7−p) (
dr2 + r2dΩ28−p
)
+F−
7−p
8
(
H
H˜
) pδ1
8
+2δ¯ (−dt2)+ F− 7−p8 (H
H˜
) (p−8)δ1
8
+2δ¯−2δ2
(dx1)2
+F−
7−p
8
(
H
H˜
) (p−8)δ1
8
+2δ¯−2δ0 p∑
i=2
(dxi)2
e2φ = F
3−p
2
(
H
H˜
) δ1
2
(4−p)−8δ¯
F[8−p] = QˆVol(Ω8−p) (4)
with the parameter relations (3) now changed as
α− β = −3
2
δ1
1
2
δ21 +
1
2
α(α+
3
2
δ1) +
(p− 1)[2δ2 + (p− 2)δ0]δ0
7− p =
(
1− δ22 − (p− 1)δ20
) 8− p
7− p
Qˆ = (7− p)ω7−p(α + β) sinh 2θ (5)
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Note that in (4) we have for convenience defined
δ¯ =
1
4
p∑
i=1
δi+1 =
1
4
δ2 +
(p− 1)
4
δ0 (6)
Also note that the above solution is valid for 1 ≤ p ≤ 6. However, for p = 1 there is
no δ0 and the solutions are characterized in that case by four independent parameters
namely, δ1, δ2, ω and θ. On the other hand, for p > 1, the solutions are characterized by
five independent parameters namely, δ0, δ1, δ2, ω and θ. Also from the metric in (4) it is
clear that they represent charged non-susy p-brane intersecting with chargeless non-susy
1-brane and 0-brane. The p-brane here is magnetically charged and the corresponding
electrically charged solutions can be obtained by replacing F[8−p] with F[p+2] = e
(3−p)φ/2 ∗
F[8−p] = (1/2) sinh 2θ d(C/F ) ∧ dt ∧ dx1 ∧ · · · ∧ dxp where C = (H/H˜)α − (H˜/H)β.
Now after making a coordinate transformation from r to ρ as r = ρ
(
1+
√
f
2
) 2
7−p
where
f = 1− 4ω7−p
ρ7−p
≡ 1− ρ
7−p
0
ρ7−p
, we can rewrite (4) as,
ds2 = G
p+1
8 f
−α(p+1)
16
− pδ1
16
− (3−p)δ¯
(7−p)
+ 1
7−p
(
dρ2
f
+ ρ2dΩ28−p
)
+G−
7−p
8 f
α(7−p)
16
− pδ1
16
−δ¯ (−dt2)+G− 7−p8 f α(7−p)16 − (p−8)δ116 −δ¯+δ2(dx1)2
+G−
7−p
8 f
α(7−p)
16
− (p−8)δ1
16
−δ¯+δ0
p∑
i=2
(dxi)2
e2φ = G
3−p
2 f−
α(3−p)
4
− δ1
4
(4−p)+4δ¯
F[8−p] = QˆVol(Ω8−p) (7)
where in (7) we have defined G(ρ) = cosh2 θ − f α+β2 sinh2 θ. Note that in general the
solution is well defined only for ρ ≥ ρ0 and α + β ≥ 0 but for the case of black p-branes
for which α+β = 2, ρ can be extended to ρ ≥ 0. The parameter relations remain exactly as
in (5). We remark here that the p-branes in the above intersecting solutions (7) or (4) are
actually the non-susy Dp-branes, but we can also write the solutions representing charged
non-susy F-string intersecting with chargeless non-susy 0-brane and also charged non-susy
NS5-brane intersecting with chargeless non-susy 1-brane and 0-brane by S-dualizing these
solutions for p = 1 and p = 5 cases respectively. The following argument goes through
for these solutions also.
Now it can be easily checked as was also shown in ref.[1] that when
δ1 = −12
7
, δ0 = δ2 = −1
7
(8)
8
which implies from (5) and (6)
α =
16
7
, β = −2
7
, and δ¯ = − p
28
(9)
then the solutions (7) reduce to in the string frame11
ds2 = H¯
1
2
(
dρ2
f
+ ρ2dΩ28−p
)
+ H¯−
1
2
(
−f dt2 +
p∑
i=1
(dxi)2
)
e2φ = H¯
3−p
2 , F[8−p] = QˆVol(Ω8−p) (10)
where H¯ = 1 + sinh2 θρ7−p0 /ρ
7−p and f = 1 − ρ7−p0 /ρ7−p. This is the standard black
Dp-brane solutions [10, 11].
Now, if on the other hand, we choose
δ0 = −2
7
, δ1 =
4
7
and δ2 =
5
7
(11)
which implies from (5) and (6)
α =
4
7
, β =
10
7
and δ¯ = −2p− 7
28
(12)
then the solutions (7) reduce to again in the string frame as,
ds2 = H¯
1
2
(
dρ2
f
+ ρ2dΩ28−p
)
+ H¯−
1
2
(
−dt2 + f (dx1)2 +
p∑
i=2
(dxi)2
)
e2φ = H¯
3−p
2 , F[8−p] = QˆVol(Ω8−p) (13)
These are precisely the KK bubble solutions which can be obtained from the black p-
brane solutions by making a double Wick rotation on the coordinates x1 and t. But note
that here our solutions (7) continuously interpolate between the black Dp-branes (10) and
KK-bubbles (13) through a series of classical solutions and there is no need to take any
Wick rotation. Note that in order to avoid any conical singularity in (13) at ρ = ρ0 the
circle x1 must have a periodicity of
L = (4piρ0 cosh θ)/(7− p). (14)
Thus we see that (7) in fact represents the interpolating solution from black p-brane to
the KK BON when the parameters characterizing the solution vary from one set of values
11Note that the metric in (7) is given in the Einstein frame.
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(8) to another (11)12. So, one might be tempted to think that this continuous change
of parameters can be physically interpreted as the transition from the black p-brane to
static KK BON in parameter space. However, in order to have this possibility, we first
need to make sure that the static KK BON are stable at least perturbatively. For this,
we perform a time symmetric general bubble initial data analysis which we discuss in the
next section.
3 Initial data analysis
In order to understand the physical meaning of the interpolation, as a first step, we must
show that the final bubble configuration is stable so that it does not decay perturbatively
further. For this purpose, we consider the general bubble solution and perform the initial
data analysis. We take the time symmetric initial data as usual and consider ten dimen-
sional charged bubble solution with non-zero dilaton. Let us consider the spatial metric
to have the form,
ds2 = H¯(ρ)−
7−p
8
(
f(ρ)(dx1)2 +
p∑
i=2
(dxi)2
)
+ H¯(ρ)
p+1
8
(
dρ2
f(ρ)h(ρ)
+ ρ2dΩ28−p
)
(15)
where H¯(ρ) and f(ρ) are as defined before and h(ρ) will be determined from the constraint
equations. Note that the metric is in the Einstein frame. The other fields are given as,
e2φ = H¯(ρ)
3−p
2 , F[8−p] = QˆVol(Ω8−p) (16)
For the above time symmetric initial data, the only constraint13 that needs to be satisfied
is
9R =
1
2
(
e
p−3
2
φF 2 + ∂ρφ∂
ρφ
)
(17)
Using (15) and (16), we solve the constraint equation (17) to obtain,
h(ρ) = 1 +
λ
(
ρ7−p + ρ7−p0 sinh
2 θ
)
2(8− p)ρ2(7−p) − (9− p)ρ7−pρ7−p0 +
[
(9− p)ρ7−p − 2ρ7−p0
]
ρ7−p0 sinh
2 θ
(18)
12Here we point out that in order to give a physical interpretation of this interpolating solution as the
transition caused by the closed string tachyon condensation, as we will discuss in section 4, all the brane
directions (not just x1) would have to be compactified with the asymptotic sizes of the circles associated
with various brane directions of the same order as L. Note also that the parameters θ and ρ0 change
during the transition.
13We don’t have additional non-trivial constraints for F and φ.
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where λ is an integration constant. This therefore gives a three-parameter (λ, ρ0 and θ)
family of time symmetric, asymptotically flat initial data. Note that when we put θ = 0,
the charge parameter Qˆ as well as the dilaton vanishes and in that case h(ρ) becomes
h(ρ) = 1 +
λ
2(8− p)ρ7−p − (9− p)ρ7−p0
(19)
For p = 5, this matches exactly with eq.(3.13) of [4] as expected. In order to avoid conical
singularity at ρ = ρ0, the circle x
1 must have a periodicity
L =
4piρ0 cosh θ
7− p
(
1 +
λ
(7− p)ρ7−p0
)− 1
2
=
4piρˆ
7−p
2
0
7− p
(
ρˆ7−p0 −
Qˆ2
(7− p)2ρˆ7−p0
)− 5−p
2(7−p)

1 + λ
(7− p)
(
ρˆ7−p0 − Qˆ
2
(7−p)2ρˆ7−p0
)


−1/2
(20)
where in the second equality we have defined ρˆ7−p0 = ρ
7−p
0 cosh
2 θ and used the charge
expression14 Qˆ = (7− p)ρ7−p0 sinh θ cosh θ for the purpose of later comparison. The ADM
mass of these bubbles can be obtained from the metric (15) as,
M =
Ω8−p
2κ2

 (5− p)Qˆ2
2(7− p)2ρˆ7−p0
+
9− p
2
ρˆ7−p0 −
(4pi)2ρˆ7−p0
2(7− p)L2
(
ρˆ7−p0 −
Qˆ2
(7− p)2ρˆ7−p0
) 2
7−p

 (21)
where Ωn = 2pi
(n+1)/2/Γ((n + 1)/2) is the volume of an n-dimensional unit sphere and
2κ2 = 16piG, with G, the Newton’s constant. The mass has been calculated from the
metric (15) and we have eliminated the unknown integration constant λ in that expression
using (20) as well as the following relation between ρ0 and ρˆ0,
ρ7−p0 = ρˆ
7−p
0
(
1− Qˆ
2
(7− p)2ρˆ2(7−p)0
)
(22)
Eq.(22) clearly tells us that15 ρˆ7−p0 ≥ Qˆ/(7 − p). Note that the mass in (21) takes a
positive value M =
Ω8−p
2κ2
Qˆ when ρˆ0 takes the lowest value while M → −∞ when ρˆ0 →∞.
14Without loss of generality, we assume from now on Qˆ ≥ 0 i.e., θ ≥ 0. Note that the charge is now a
result of the flux on the non-contractible S8−p since there is no longer a singularity to act as the source
of the charge.
15This can also be seen from the ratio
(7− p)ρˆ7−p
0
Qˆ
=
cosh θ
sinh θ
≥ 1. (23)
If we ignore this constraint, the mass → ∞ as ρˆ0 → 0, indicating the possibility that the small bubble
cannot contract when Qˆ 6= 0. Indeed if we consider a 4-parameter family of initial data as we will mention
later on, there will be no such constraint since in that case the Qˆ is independent of ρ0 and θ.
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So, there is no lower bound on mass and the positive energy theorem fails for our initial
data as was also found for the case studied in [4].
Thus, for fixed values of Qˆ and L, the expression for ADM mass (21) has extremum
when dM/dρˆ0 = 0 and this implies,
L =
4piρˆ
7−p
2
0
7− p
(
ρˆ7−p0 −
Qˆ2
(7− p)2ρˆ7−p0
)− 5−p
2(7−p)
(24)
In comparison with the second expression in (20), we find that the extremum occurs at
λ = 0 (or, h(ρ) = 1). The resulting metric in (15) is now the spatial part of the static
bubble one obtained from the double Wick rotations of black p-brane in Einstein frame.
We now come to examine whether the extremum is a local minimum or a maximum.
This will give us indications about the nature of stability of the static bubbles under
consideration. For this, let us consider Qˆ = 0 and Qˆ 6= 0 separately. When Qˆ = 0, i.e.,
θ = 0, we have from (24)
ρˆ0 = ρ0 =
7− p
4pi
L. (25)
In other words, the static bubble size is always less than L, the circle size at infinity.
One can easily check that the extremum is now a maximum, as expected, by calculating
d2M
dρˆ20
< 0 at this ρˆ0. So this is an unstable static bubble. This also implies the usual
intuition that bubbles which are smaller than the size of the circle at infinity contract
while larger ones expand as discussed in [4]. Adding flux (i.e., for non-vanishing charge
Qˆ 6= 0) on the sphere causes it to expand and the vacuum bubbles which would normally
contract could become stable static bubbles with this flux. So let us turn our attention
to this case next.
For this, let us first determine the number of solutions for ρˆ0 from (24) for fixed values
of Qˆ 6= 0 and L. This number is actually the same as that for θ for a given ratio of
C = Qˆ/L7−p determined from the following equation
Qˆ
L7−p
=
(7− p)8−p
(4pi)7−p
sinh θ
cosh6−p θ
= C(θ). (26)
In obtaining (26), we have used the expression Qˆ = (7 − p)ρ7−p0 sinh θ cosh θ and the
expression (14) for L for the static bubble which holds also for the extremum as shown
above. Once θ is determined, the ρ0 can be determined either from the Qˆ expression or
from the equation (14) for L. ρˆ0 is then determined from ρ0. This provides an alternative
(also much simpler) way to determine the number of solutions for ρˆ0 from (24). In the
following, we consider p < 5 cases first and then the remaining p = 5, 6 cases can be
considered in a much direct and simpler way afterwards.
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Figure 1: The θ0 gives rise to the maxima of C(θ), i.e., Cmax while θs and θl are two
solutions of (26) when Qˆ/L7−p < Cmax for p ≤ 4
It is not difficult to check for p < 5 that C(θ) in (26) has a unique maximum at
sinh2 θ = 1/(5 − p). This can also be seen from the fact that C(θ) > 0 in general and
C(θ)→ 0 for both θ→ 0 and θ →∞. This maximum is given as,
Cmax =
(
Qˆ
L7−p
)
max
=
(7− p)8−p(5− p) 5−p2
(4pi)7−p(6− p) 6−p2
< 1. (27)
So for any given positive ratio Qˆ/L7−p = C(θ) < Cmax, we will have two solutions for θ
from equation (26) since the constant line C(θ) = Qˆ/L7−p will intercept twice with the
curve
C(θ) =
(7− p)8−p
(4pi)7−p
sinh θ
cosh6−p θ
. (28)
The various features mentioned here are shown in Fig.1.
Now we can relate ρˆ0 with θ by using (14) and the relation ρˆ
7−p
0 = ρ
7−p
0 cosh
2 θ as,
ρˆ0 =
(7− p)L
4pi
cosh
p−5
7−p θ (29)
So, this implies that we have two solutions for ρˆ0 from (24) under the same condition,
the small θ corresponds to large ρˆ0 and large θ corresponds to small ρˆ0. Since these two
solutions are extrema of ADM mass, therefore one extremum must give a maximum and
the other gives the minimum. Given the fact that M → −∞ as ρˆ0 → ∞, the extremum
with the large ρˆ0 must give the maximum while the one with the small ρˆ0 gives a local
minimum. This is entirely consistent with our anticipation from the Qˆ = 0 discussion
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Figure 2: The characteristic behavior of the mass vs. ρˆ0 as given in (21) for p ≤ 4. The
local minimum is at the ρˆ0 as given by (29) with θ = θl while the local maximum is at
the ρˆ0 determined by the same equation with now θ = θs.
given above. This characteristic feature of the ADM mass versus ρˆ0 is shown in Fig.2
for p ≤ 4. Note that, however, even the local stable static bubble is non-perturbatively
unstable since the ADM mass is unbounded from below.
When the ratio Qˆ/L7−p takes the maximum value as given in (27), we expect that the
two merge into a single extremum with d
2M
dρˆ20
= 0 when the ρˆ0 takes its extremum value.
This can be checked independently from the following
d2M
dρˆ20
∣∣∣∣
ρˆ0=c0
= −Ω8−p
2κ2
9− p
7− p
(4pi)2c7−p0
L2
(
1− Qˆ
2
(7− p)2c2(7−p)0
)− 2(6−p)
7−p
×
[
1− (6− p) Qˆ
2
(7− p)2c2(7−p)0
](
1− 5− p
9− p
Qˆ2
(7− p)2c2(7−p)0
)
(30)
where we have set ρˆ0 = c0 with c0 the solution of the equation (24). By demanding
d2M
dρˆ20
∣∣∣
ρˆ0=c0
= 0, we indeed have one unique solution c7−p0 =
√
6− p Qˆ/(7− p) which corre-
sponds to the maximum ratio of Qˆ/L7−p as anticipated above.
Now we try to find some concrete solutions from (24) under certain special conditions
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to support the above general analysis. For this, we rewrite (24) in the following form,
(4pi)2ρˆ20
(7− p)2L2 =
(
1− Qˆ
2
(7− p)2ρˆ2(7−p)0
) 5−p
7−p
. (31)
For p ≤ 4, we find the following solutions from (31) as
(i) ρˆ0 ≈ (7− p)L
4pi
, when ρˆ0 ≫
(
Qˆ
7− p
) 1
7−p
(ii) ρˆ0 ≈
(
Qˆ
7− p
) 1
7−p
, when ρˆ0 ≪ L (32)
So, for case (i), the extremum occurs at ρˆ0 ≈ (7 − p)L/(4pi), and for case (ii), the
extremum occurs at ρˆ7−p0 ≈ Qˆ/(7− p). Note that in both cases L7−p ≫ Qˆ, satisfying the
allowed constraint L7−p > Qˆ in (27).
We thus find that for L7−p ≫ Qˆ, we have two static bubbles, one large bubble at
ρˆ0 ≈ (7 − p)L/(4pi) and one small bubble at ρˆ7−p0 ≈ Qˆ/(7 − p). We calculate d2M/dρˆ20
using (30) at the two values of ρˆ0 and find that the large bubble corresponds to a maximum
and the small bubble correspond to a minimum. This is entirely consistent with our above
general analysis.
Now let us consider p = 5, 6. It is clear from the equation (31) that in both cases
there is only one extremum. For p = 5, the extremum is at ρˆ0 = L/(2pi) while for
p = 6 it is at ρˆ0 =
√
L2/(4pi)2 + Qˆ2. Therefore, considering the bound from (26), i.e.,
L2 ≥ 2pi2Qˆ, the extremum for p = 5 gives ρˆ20 = L2/(2pi)2 ≥ Qˆ/2 which satisfies the
constraint ρˆ7−p0 ≥ Qˆ/(7− p). For p = 6, we don’t have any bound from (26) but now the
extremum ρˆ0 =
√
L2/(4pi)2 + Qˆ2 automatically satisfies the constraint ρˆ7−p0 ≥ Qˆ/(7− p).
The existence of a single extremum is also consistent with the fact that there exists a
single solution of θ in (26) for either p = 5 or p = 6. This can be understood from that for
p = 5, the C(θ) has a maximum at θ→∞ while for p = 6, C(θ) increases monotonically
to infinity. The corresponding features are shown in Fig.3 for p = 5 and in Fig.4 for p = 6,
respectively. The extremum for each case is actually a maximum which can be seen from
the sign of the double derivative d2M/dρˆ20 in (30) at the corresponding extremum value
of ρˆ0. In other words, the bubbles in both cases are static but locally unstable. Note
that adding flux on the sphere for p = 5, 6 does not change the qualitative picture from
vanishing flux case.
So, the general bubble initial data analysis tells us that for p ≤ 4, there are two static
bubbles if Qˆ/L7−p < Cmax. These bubbles correspond to the doubly Wick rotated form
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Figure 3: The black dot represents a solution of (26) with fixed ratio Qˆ/L2 < 1/(2pi2) for
p = 5. The corresponding θ gives a static but unstable bubble.
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Figure 4: The black dot represents a solution of (26) with any given ratio Qˆ/L for p = 6.
The corresponding θ gives again a static but unstable bubble.
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of the black p-branes and of them the smaller bubble is locally stable and the larger one
is locally unstable. On the other hand for p = 5, 6, there is an unstable static bubble but
for p = 5 an additional condition L2 > 2pi2Qˆ needs to be satisfied.
From this analysis, since we found that only for p ≤ 4 and for Qˆ/L7−p < Cmax, there
can be a static (locally) stable bubble, therefore, only in those cases the interpolating
solution (7) have the possibility to be interpreted as the transition from black Dp-brane
to static KK BON. For all other cases, the black Dp-branes would decay into dynamical
bubbles. We also performed a 4-parameter family of time-symmetric, asymptotically flat
initial data analysis in which the charge parameter Qˆ is treated to be independent of ρ0
and θ and the same conclusion is reached. Therefore, the above picture is believed to be
quite generic. In the following, we will provide another independent check of the nature
of stability of the static charged bubbles we obtained.
For this, let us recall the discussion given in [4] by Horowitz following [16]. It has been
argued there that for black strings and the corresponding static bubbles, the perturbative
stability of bubbles is directly related to that of the black strings since the two are related
to each other by double Wick rotation. The study of perturbations of black strings and
p-branes started with the work of Gregory and Laflamme [17]. It is known that the
short wavelength modes are always stable but the long wavelength modes are sometimes
unstable. The instability of long wavelength modes further implies a static perturbation
and the existence of a static perturbation in turn usually indicates an instability. The
Gubser-Mitra conjecture [18] states that charged black strings will be unstable if and
only if their specific heat is negative. Based on the above, Horowitz concluded that for
spacetime dimensions D = 5, 6 and large L, there is always a static perturbation of the
black string, therefore an unstable perturbation of the corresponding bubble. In higher
dimensions, the static bubbles are perturbatively stable or unstable depending on how
close to extremality the corresponding black string is.
Since black p-branes (for p ≤ 6) in D = 10 are related to black strings in D =
11−p through the so-called double dimensional reduction (here dimensional reductions are
performed simultaneously on both spacetime and brane spatial directions), for example,
black 6-branes and 5-branes in D = 10 are related to black strings in D = 5 and 6
respectively, so from the above discussion, we must have black 6-branes and 5-branes in
D = 10 unstable and therefore the corresponding static bubbles are also unstable. On the
other hand, since black p-branes with p ≤ 4 are related to black strings in D = 11−p > 6,
so the perturbative stability of black p-branes with p ≤ 4, should depend on how close
they are to their respective extremality and this also determines the stability of the
corresponding bubbles. We can understand the above from the signs of the specific heat
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of the black p-branes as follows. The specific heat can be calculated once a black p-brane
configuration (such as (10)) is given, for example, see [19], and its sign is determined by
the sign of the following quantity
ρ7−p0
[
(6− p) sinh2 θ − cosh2 θ] . (33)
It is easy to see that for p = 5, 6, its sign is always negative, signalling the instability as
described above. For p ≤ 4, its sign indeed depends on how close the black p-branes are to
the extremality which corresponds to taking θ →∞. As will be discussed in the following
section, the closed string tachyon condensation occurring on or outside the horizon always
requires large θ for large L, so to leading order (33) can be written as,
(5− p)
4
ρ7−p0 e
2θ > 0 (34)
for p ≤ 4, and therefore the corresponding static bubbles are classically stable. This
completely independent analysis supports the results of our initial data analysis.
4 Physical interpretation of the interpolation
Let us next try to understand the underlying mechanism for the transition. The existence
of the interpolation indicates a possible transition from black Dp-brane to the static and
locally stable KK BON for p ≤ 4 (the interpolation makes sense only for these cases). The
closed string tachyon condensation could be the possible mechanism for these cases if the
curvature on the horizon (where the tachyon condensation takes place) is much smaller
than the string scale, otherwise we will reach the correspondence point where there is no
brane description and the black D-brane would make transition to the open string modes
[4]. For p > 4, we have seen that there exist static bubbles, but the bubbles in these cases
are unstable and the corresponding interpolation cannot hold even true classically since
the static bubble will contract or expand under any small perturbation even though the
interpolating solutions exist. We expect that the closed string tachyon condensation in
these cases if possible must give rise to the corresponding dynamical bubbles as we will
see.
Now from the metric given in (10) we see that if the closed string tachyon condensation
occur on the horizon, then the size of the circle associated with the coordinate x1 is
L = ls cosh
1
2 θ, (35)
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where ls is the fundamental string length. Also note that since L≫ ls, the angle θ must
be very large16 and therefore L can be approximated as
L = ls cosh
1
2 θ ≈ ls√
2
eθ/2 (36)
The charge of the black Dp-branes can also be obtained from the form-field given in (10)
as
Qˆ = (7− p)ρ7−p0 sinh θ cosh θ ≈
7− p
4
ρ7−p0 e
2θ (37)
Also the size of the horizon can be obtained from the metric in (10) as,
Z = ρ0 cosh
1
2 θ ≈ ρ0√
2
eθ/2 (38)
Since the curvature at the horizon has to be much smaller compared to the string scale,
so we get,
R ∼ 1
Z2
≪ 1
l2s
⇒ ρ0√
2ls
≫ e−θ/2 (39)
Now we assume that the underlying mechanism for the transition from black p-branes to
bubbles is via closed string tachyon condensation, the final bubbles can be either (stable
or unstable) static or dynamical. From our initial data analysis in section 3, we know that
we can have stable static bubbles only for p ≤ 4 and for p > 4 there exist only unstable
static bubbles. So, we discuss the possible transitions for p ≤ 4 and p > 4 separately.
Also for simplicity we will assume that the closed string tachyon condensation occurs on
the horizon. As will be discussed that there exist situations for which the parameters
characterizing the bubbles can be different from those of the black p-branes, so we denote
the bubble parameters with a ‘tilde’. From (13) we give below the flux (Qb) associated
with the bubble, the size (Zb) of the bubble and the circle size (Lb, see eq.(14) where we
rename L as Lb) of the circle at infinity as,
Qb = (7− p)ρ˜7−p0 sinh θ˜ cosh θ˜
Zb = ρ˜0 cosh
1
2 θ˜
Lb =
4pi
7− pρ˜0 cosh θ˜ (40)
We have seen in section 3 that there exist two static bubbles with small one stable and
the large one unstable for p ≤ 4 and these two static bubbles occur at two values of θ˜
corresponding to the two points where the constant line C(θ˜) = Qˆb/L
7−p
b meets the curve
16Therefore, the black p-branes must be nearly extremal which guarantees the perturbative stability of
static bubbles for p ≤ 4 as mentioned in the previous section.
19
(28). The curve (28) has a maximum at sinh θ˜0 = 1/
√
5− p < 1 and so, θ˜0 < 1. The
two values of θ˜ at which the static bubbles exist may be denoted as θ˜s and θ˜ℓ where
θ˜s < θ˜0 < θ˜ℓ. Let us first take θ˜s as the static bubble parameter, then since this is a very
small angle θ˜s < θ˜0 < 1, (40) can be approximated, to leading order, as
Qb = (7− p)ρ˜7−p0 θ˜s
Zb = ρ˜0
Lb =
4pi
7− pρ˜0 (41)
If the black brane makes a transition to a static bubble through closed string tachyon
condensation, the charge must be conserved. Also the horizon size of the black brane
must be equal to the bubble size and the size of the compact circle at infinity must be
the same since the local closed string tachyon condensation should not have much effects
on them.
At this point we would like to clarify why we don’t identify the other brane directions
(other than x1) as well as the dilaton profile before and after the closed string tachyon
condensation, i.e., for the black p-brane and the BON. It is clear from (10) and (13)
that if we do that then the harmonic functions would have to be identified and this
would imply that the parameters of the two solutions would have to be identified and
therefore the curvature at the horizon would always be of the order of string scale and the
supergravity description would break down. In other words, with the identifications of the
other directions along the original black branes with those of the corresponding bubble,
the black branes can not decay into static BON, but can decay only into dynamical BON.
It is true that this situation can not be avoided as long as the other brane directions
remain non-compact. (Here we remark paranthetically that even for the case of black
D3-brane considered in [4], the above comments remain valid and in fact there can not
be a transition from black D3-brane to static BON as claimed otherwise in [4].) However,
we can get around this problem if we compactify all the spatial directions of the brane
with their asymptotic sizes having the same order of magnitude as L (say). Now it is
clear that if the closed string tachyon condensation occurs on the horizon then the sizes of
all the brane directions would be of the order of string length there. So the fundamental
string can wrap around any of the spatial directions to give rise to closed string tachyon
and for this reason we should not identify the directions along the original brane before
and after the closed string tachyon condensation. However, the various spatial directions
along the brane should still be identified asymptotically where the tachyon condensation
has no effect at all since the tachyon condensation takes an infinite amount of coordinate
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time to complete due to the horizon red-shift factor and its effect takes an infinite amount
of coordinate time to reach this region17. This is precisely the reason that asymptotically
the two configurations (10) and (13) are identical. As for the transverse sphere, i.e., the
horizon and the size of the bubble, since they are non-contractible and have to be of large
size with the physical radius much larger than the string scale (ls) for the supergravity
description to remain valid (therefore the string cannot wrap on this sphere to give rise to
tachyon condensation), we then expect their sizes to remain unaffected before and after
the closed string tachyon condensation occurring along the brane directions. This is the
reason we have identified the size of the horizon with the bubble size. Given the dilaton as
the effective string coupling and the closed string tachyon condensation as a perturbative
process, the dilaton must remain small for the occurrence of this process. The transition
from black brane to BON by closed string tachyon condensation is a perturbative process
and the dilaton remains small during the transition. So, the dilaton can not be thought
of as an additional spatial direction (as we do when we uplift the string theory solution
to higher dimensions for strong coupling, therefore large dimensional size) for which one
might think that it should be identified before an after the tachyon condensation. Now
since we are dealing with two different solutions (black brane and bubble before and
after the tachyon condensation), there is no reason why the dilaton profile should be
identified on the horizon and this is also consistent with the non-identification of the
brane directions discussed above. For definiteness and for the purpose of modeling this
process, in what follows, we choose one direction, namely x1, to be the direction along
which closed string tachyon condensation takes place but we need to keep in mind that
the tachyon condensation can occur along any spatial direction of the brane.
Going by the above arguments, we equate (37), (38) and (36) with the corresponding
17Although it is known [9] that the local proper time for the completion of the closed string tachyon
condensation on the horizon is of the order of string scale, however, precisely for this reason, the tachyon
condensation process viewed by an observer at infinity (with respect to whom the ADM mass is measured)
is a very slow process and therefore to this observer the tachyon condensation can be taken as an adiabatic
process. This is consistent with the initial data analysis performed in the previous section since it is based
on the ADM mass which is measured by the asymptotic observer and also with our interpolating solution
as we will explain.
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quantities in (41) to get,
ρ˜7−p0 θ˜s =
1
4
ρ7−p0 e
2θ
ρ˜0 =
1√
2
ρ0e
θ/2
ρ˜0 =
4pi√
2(7− p) lse
θ/2 (42)
From (42) we get,
ρ0 =
4pi
7− pls, θ˜s ∼ e
(p−3)θ/2 (43)
Note from (39) that with this ρ0, the curvature remains small compared to string scale
since θ is very large. Also since θ˜s is very small, the second condition in (43) is consistent
as long as p < 3. Now since the small θ˜ corresponds to large bubble which is static but
unstable, so, for p < 3, the black branes will make transitions to unstable static bubble
by closed string tachyon condensation. However, since the bubble is unstable, under
slight perturbation, the bubble can either expand further to infinity or it can contract to
eventually settle down to smaller stable static bubble. This way, black D1 and D2 branes
can indeed make a transition to stable static bubble by closed string tachyon condensation
and under these conditions the interpolations can have physical interpretation as the
closed string tachyon condensation.
Let us next take θ˜ℓ as the static bubble parameter, where the angle can be large (since
we have already considered the case of small angles and the conditions can be met only
for p < 3 as we have just seen). Now (40) can be approximated, to leading order, as,
Qb =
7− p
4
ρ˜7−p0 e
2θ˜ℓ
Zb =
1√
2
ρ˜0e
θ˜ℓ/2
Lb =
4pi
7− pρ˜0e
θ˜ℓ (44)
Now equating (44) with (37), (38) and (36) we get,
ρ˜0 = ρ0e
θ−θ˜ℓ
2 , ρ˜0 = ρ0e
2(θ−θ˜ℓ)
7−p , ρ0 =
(7− p)ls
4
√
2pi
e−θ˜ℓ/2 (45)
Note that the first two relations in (45) can be made consistent only for p = 3. The last
condition when compared with (39) can be consistent only if θ ≫ θ˜ℓ. Since θ˜ℓ corresponds
to small bubble which is static as well as stable, so, in this case the black D3-brane makes a
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transition directly to the static stable bubble through closed string tachyon condensation
and the interpolation has a physical interpretation.
For p = 4, it is clear from our above analysis that black D4-brane can not make a
transition either to a stable static bubble or to an unstable static bubble via closed string
tachyon condensation directly. It can only first make a transition to a dynamical bubble.
Then depending on the size of the dynamical bubble created initially in comparison with
that of the stable or unstable static bubble for a given ratio Qˆ/L3 < Cmax, we can have
the dynamical bubble to expand to infinity if the size is larger than the size of the static
unstable bubble or otherwise to settle down to the static stable bubble. For this, let
us first try to find out the sizes of the stable static bubble and unstable static bubble,
respectively, for p = 4 case. The equation determining θ˜s and θ˜l for given Qˆ = Qˆb and
L = Lb is (see eq.(26)),
Qˆ2
L6
=
38
(4pi)6
cosh2 θ˜ − 1
cosh4 θ˜
⇒ cosh4 θ˜ − 4
(
CmaxL
3
Qˆ
)2
cosh2 θ˜ + 4
(
CmaxL
3
Qˆ
)2
= 0 (46)
where we have used Cmax = 3
4/[2(4pi)3] from (27). The solutions to the above equation
are given as,
cosh θ˜s =
√
2
(
CmaxL
3
Qˆ
)1−
√√√√1− 1(
CmaxL3
Qˆ
)2


1
2
cosh θ˜ℓ =
√
2
(
CmaxL
3
Qˆ
)1 +
√√√√1− 1(
CmaxL3
Qˆ
)2


1
2
(47)
Now let us try to estimate the value of the ratio (CmaxL
3)/Qˆ. Using the expressions (37)
and (36) we have
Qˆ
L3
=
3√
2
(
ρ0
ls
)3
eθ/2 ≫ e−3θ/2eθ/2 = e−θ (48)
Also we have Cmax = 3
4/[2(4pi)3] < 1. Now since we know that in order to have static
bubbles we must have
Cmax >
Qˆ
L3
≫ e−θ (49)
The above condition can be rewritten as,
1 <
CmaxL
3
Qˆ
≪ Cmaxeθ (50)
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Since θ is a very large angle (50) gives us an estimate of the ratio (CmaxL
3)/Qˆ. Now when
the ratio (CmaxL
3)/Qˆ is greater than but close to 1, then from (47) we find
cosh θ˜s ≈ cosh θ˜ℓ ≈
√
2
(
CmaxL
3
Qˆ
)
(51)
and when (CmaxL
3)/Qˆ≫ 1, cosh θ˜ℓ is still given by almost the same expression as given
above in terms of L3/Qˆ, but now cosh θ˜s → 1 and that implies θ˜s → 0. So we have from
(14),
ρ˜0 =
3
4pi
L
cosh θ˜ℓ
∼ Qˆ
L2
(52)
and therefore we have the size of the stable static bubble as,
Zb ∼ ρ˜0 cosh
1
2 θ˜ℓ ≈
(
Qˆ
L
)1/2
(53)
Now we find out the size of the dynamical bubble at the moment of its formation through
closed string tachyon condensation as,
Zdyn =
ρ0√
2
eθ/2 ∼
(
ls
Qˆ
L
)1/3
(54)
where in the last expression we have used (37) and (36). So, comparing (53) and (54) we
get
Zb
Zdyn
=
(
Qˆ
L
)1/6
l
1/3
s
≫ 1 (55)
In the last inequality we have first used (37) and (36) to obtain ρ0 ≈ Qˆ1/3(ls/L)4/3 and
then from ρ0/ls ≫ e−θ/2 ≈ ls/L we have Qˆ/L ≫ l2s . Note that eq.(55) tells us that the
size of the dynamical bubble is much less than the stable static bubble and therefore,
we expect that the dynamical bubble will evolve to eventually settle down to the stable
static bubble. So, the black D4-brane will first decay to the dynamical bubble by closed
string tachyon condensation and then evolve to settle down to the static stable bubble
plus radiation and this would be the physical interpretation of the interpolation in this
case.
Now let us next look at the cases p = 5, 6. For p = 5 we have from (37), (36), (38)
and (39) Qˆ/L2 = (ρ0/ls)
2eθ ≫ e−θeθ = 1. On the other hand in order to have static
bubble we need (see (26)) Qˆ/L2 = sinh θ˜/(2pi2 cosh θ˜) < 1 and so, black D5-branes can
decay only to dynamical bubbles by closed string tachyon condensation. Similarly for
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p = 6, we have Qˆ/L = (ρ0/ls)e
3θ/2 ≫ eθ. But, in order to have static bubble we need
Qˆ/L ∼ sinh θ˜ < eθ˜ ∼ eθ and therefore again we find that the bubble must be dynamical
and expand to infinity.
In summary, for p ≤ 4, when the black p-branes (which is compact with the com-
pact directions having the sizes of the same order of magnitude) make transitions to the
corresponding bubbles via closed string tachyon condensation, they can either decay to
unstable static bubble and eventually settle down to the stable static bubble (this happens
for p < 3)18 or they can directly decay to stable static bubble (this happens for p = 3)
or they can decay to dynamical bubble and then settle down to static stable bubble (this
happens for p = 4). So, in all these cases of p ≤ 4, the black branes can make transitions
to static stable bubbles via closed string tachyon condensation and all the conditions for
this to happen can be met as we have seen. Therefore, this would be the physical mean-
ing of the interpolation of our solutions we constructed in section 2 in parameter space.
Note that as we point out at the beginning of this section for p = 5, 6 cases, the inter-
polation cannot hold true even classically since the unstable static bubble will contract
or expand under any small perturbation. The conclusion reached above via closed string
condensation is entirely consistent with this fact and the bubbles formed this way must
be dynamical and expand to infinity. In other words, the meaningful interpolation of our
solutions exists only for p ≤ 4 and for the branes with their brane directions compact and
with all the compact sizes the same order of magnitude and this can be explained via the
closed string condensation as described above.
Before closing this section, we remark that the black p-brane has a large entropy while
the corresponding KK bubble at the moment of its formation, via closed string tachyon
condensation, has no intrinsic entropy. Therefore, the closed string tachyon condensation
must produce some radiation in addition to the bubble as pointed out in [4]. This implies
that the mass of the bubble must be less than the mass of the original black p-brane. We
checked that this is indeed true.
5 Origin of F-strings
We have shown above that the supergravity solutions representing charged non-susy p-
brane intersecting with chargeless non-susy 1-brane and 0-brane interpolate continuously
between black Dp-branes and KK BON when some parameters characterizing the solu-
tions are varied from one set of values to another. The interpolation can be interpreted
18The unstable static bubble can also have the possibility to expand to infinity.
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physically as the transition from black Dp-brane to KK BON only for p ≤ 4, since only for
these cases there exist static, locally stable bubbles as our initial data analysis suggests.
The underlying mechanisms, as we have shown, for these transitions could be the closed
string tachyon condensation for all p ≤ 4.
As we have already noticed the interpolating solution (7) is well behaved at two end
points, i.e. it is regular for the bubble solution and singular for the black Dp-brane solution
at ρ = 0 which is masked by a regular horizon. But for all other intermediate points the
solutions have naked singularities at ρ = ρ0. Two most natural questions which might
arise at this point are
• How do we interpret the intermediate singular solutions?
• Where are the F-strings in our set up which when wind along the periodic coordinate
x1 give rise to tachyonic mode when the size of the circle reaches the string scale on
the horizon?
To answer the first question we remark here that the intermediate solutions (7) (with
the parameter values other than those given in (8), (9), (11), (12)) are all regular in the
region ρ0 < ρ ≤ ∞ and the naked singularity at ρ = ρ0 reflects our inability to describe
the system classically where the violent quantum process like the closed string tachyon
condensation is occurring. It is very likely that quantum mechanically there are tachyon
condensates [14] and no singularities, but classically we do not have a good description in
general for the region ρ ≤ ρ0. To an observer far away from the core region (where the
closed string tachyon condensation is occurring), only the long-range force would appear
and so we have a classical description of the dynamics there and the description of the
tachyon condensation can be viewed as an adiabatic process as discussed in the previous
section. This long-distance description is just the family of the intermediate solutions with
naked singularities. However, as we stressed, these singularities are just the artifact since
their appearance is due to the extrapolation of our solutions valid only at long distance to
the region where the description is invalid and where we actually have quantum process
without any singularity. Here our remarks are very similar in spirit with the family of
solutions discussed by Gross-Perry [2] and also is supported by the observations made in
[20].
To answer the second question we point out that although our intersecting solutions (4)
or (7) does not seem to contain F-strings to cause the closed string tachyon condensation,
but we will show that (4) indeed contain chargeless non-susy F-strings in the sense defined
in the Introduction and this is the reason we have the closed string tachyon condensation
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and consequently the transition from black-branes to KK BON19. Now in order to show
this we will compare (4) with another known solutions constructed in ref.[15] representing
charged non-susy F-strings intersecting with chargeless non-susy Dp-branes. The solutions
are given in eqs.(11) and (12) in [15] and have the forms,
ds2 = F¯
1
4 (HH˜)
2
7−p
(
H
H
)−(2Ppi=2 γi)/(7−p) (
dr2 + r2dΩ28−p
)
+F¯−
3
4
(−dt2 + (dx1)2)+ F¯ 14 p∑
i=2
(
H
H˜
)2γi
(dxi)2
e2φ = F¯−1
(
H
H˜
)2γ1
, B(2) =
sinh 2θ
2
(
C¯
F¯
)
dt ∧ dx1 (56)
with the parameter relation
1
2
γ21 +
1
2
α¯(α¯− γ1) +
2
∑p
i>j=2 γiγj
7− p =
(
1−
p∑
i=2
γ2i
)
8− p
7− p (57)
Note that here we have labelled the various functions and the parameters differently to
compare the possible differences with the configuration (4). Let us remark that here the
Dp-branes are chargeless and also we don’t have the presence of chargeless 0-brane but
F-strings are charged. So in making identification, we need to send the F-string charge
to zero which can be done by setting θ = 0. We also need to set γ2 = γ3 = · · · = γp = γ0
in order to make the directions x2, . . . , xp isotropic. This way we end up with solutions
representing chargeless non-susy F-strings intersecting with chargeless non-susy Dp-branes
as follows:
ds2 = (HH˜)
2
7−p
(
H
H
) α¯
4
− 2(p−1)γ0
(7−p) (
dr2 + r2dΩ28−p
)
+
(
H
H
)− 3α¯
4 (−dt2 + (dx1)2)+ (H
H˜
) α¯
4
+2γ0 p∑
i=2
(dxi)2
e2φ =
(
H
H˜
)−α¯+2γ1
, (58)
19There are many ways to see how such F-strings can appear. For example, the original non-isotropic
solutions (1) contain chargeless (p− 1)-brane, (p− 2)-brane, upto 0-brane if we take q = 0 there. These
chargeless branes are either brane-antibrane or non-BPS brane in the theory. The process of making the
non-isotropic directions xp, xp−1, · · · upto x2 isotropic is actually the process of elimination of the charge-
less (p−1)-brane, (p−2)-brane upto 2-brane from the solution as mentioned earlier. This elimination can
also be viewed as the end of annihilation process for these branes. The previous work [21, 22, 15] indicates
that the annihilation of these branes will give rise to F-strings wrapping around x1 non-perturbatively.
In addition, the chargeless part of non-susy charged Dp as well as part of the chargeless D-strings in this
configuration can also give rise to F-strings when they annihilate.
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with the parameter relation
1
2
γ21 +
1
2
α¯(α¯− γ1) + (p− 1)(p− 2)γ
2
0
(7− p) =
(
1− (p− 1)γ20
) 8− p
7− p (59)
Now to compare this with (4) we must put the Dp-brane charge to zero and also to remove
the presence of 0-branes we must put pδ1/8 + 2δ¯ = (p− 8)δ1/8 + 2δ¯ − 2δ2 ⇒ δ2 = −δ1/2.
Then we have from (4)
ds2 = (HH˜)
2
7−p
(
H
H˜
)α p+1
8
+
pδ1
8
+
2(3−p)δ¯
(7−p) (
dr2 + r2dΩ28−p
)
+
(
H
H˜
)−α 7−p
8
+
pδ1
8
+2δ¯ (−dt2 + (dx1)2)+ (H
H˜
)−α 7−p
8
(p−8)δ1
8
+2δ¯−2δ0 p∑
i=2
(dxi)2
e2φ =
(
H
H˜
)α 3−p
2
+
δ1
2
(4−p)−8δ¯
(60)
and the parameter relation (the second equation of (3)) takes the form:
1
2
δ21 +
1
2
α(α +
3
2
δ1) +
(p− 1)[−δ1 + (p− 2)δ0]δ0
7− p =
(
1− δ21/4− (p− 1)δ20
) 8− p
7− p (61)
If we now try to identify (58) with (60), we find that they can indeed be identified if we
relate the parameters in the two solutions as follows:
α¯ = −2(p− 1)δ0
3
+
(2− p)δ1
6
+
7− p
6
α
γ0 =
p− 4
3
δ0 +
p− 8
12
δ1 − 7− p
12
α
γ1 = −4(p− 1)
3
δ0 +
5− p
3
δ1 +
4− p
3
α. (62)
Using these relations, we can show that the parameter relation (59) indeed goes over
to (61). This therefore shows that the supergravity configuration (4) or (7) contains a
chargeless F-string causing the tachyon condensation as well as the transition to occur.
6 Conclusion
So, to summarize, in this paper we have explicitly constructed a class of type II super-
gravity solutions which interpolate between black Dp-brane and KK BON when we vary
the parameters characterizing the solutions from one set of values to another and ob-
tained a physical meaning of this interpolation. The existence of such an interpolation
28
in parameter space usually means a transition from black Dp-branes to KK BON. For
this to be true indeed, the final bubble configuration must be static as well as stable at
least classically. By performing a time symmetric initial data analysis we have shown
that classically stable, static bubble can result only if p ≤ 4 under certain conditions.
For all other cases, we found that the bubbles are either static, but classically unstable
or dynamical and therefore the interpolating solutions in these cases do not imply a real
transition. After we understood this we looked for the underlying mechanism causing this
transition. We found that except for p = 5, 6, in all other cases the interpolation can
be understood as a real transition from black p-branes to the static KK BON caused by
the closed string tachyon condensation. For p < 3, the black branes first make transition
to unstable static bubbles which eventually settle down to the stable static bubbles, for
p = 3, black D3-brane makes direct transition to the static stable bubble, whereas for
p = 4, the black brane first makes transition to the dynamical bubble and then evolves
finally to the static stable bubble. To have the transition to occur actually, we must
have all the brane directions compact with their sizes of the same order of magnitude and
the same must also be true for the corresponding bubbles. In all these cases the various
conditions required for the closed string tachyon condensation to occur can be satisfied
and therefore the interpolation we found in section 2 can be physically interpreted as
the closed string tachyon condensation. Finally, in order to claim that our solutions in
fact interpolate between black Dp-brane (for p ≤ 4) to the static KK BON or to dy-
namical bubbles by closed string tachyon condensation, we must show that the solutions
contain F-strings which is not apparent in our intersecting solutions. We have explicitly
shown this by comparing with another known solutions that our solutions indeed contain
chargeless F-strings causing the closed string tachyon condensation which in turn leads
the transition to occur.
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